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mm^] mmm 

mmm^tmmm (d mmm^t mmm^t e mm(Dmmm^t (D:^mt.<DmM 

m^t(D-:^\^ti^Mmmzj:t;i^r^^ft^m^t^mmt. 
mmmitmmmtmmm^t^^mt(Dmizmi>'f^nt^i¥m-\i^mmt.. 

nmiz}^>''\::'rmmti^mt--t^mm.m:mm^m^x-&-iX.- . 

^mmRntamm'it ^ mm ^mmizM Lxmm^:^mizmm^n. 
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mmmimmmcDmmmit ® lai ^ iff la^^^b g a s ® tfr iB^f b cz) ts- i&i i: ® 
mmmit mmmt mmm^t &mmt<Dmizmn^tir=. imn. ^mmt. 

■fe ^ ^ ;i/ S: i: -r S M 5: $ e> tc i i: S: i: f -5 ^^^m^^^ 
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^ (Au) , m (Ag) t.tc\t.z.i[\.^o)^^^^^^t.-t^m^-^^iizmxt=. 

[Mi^^ 10] 

ItrtH^ (Au) , ^ (Ag) ^fe{±^tie><Z)-^^$:±fig^^i:t--5Ml±, i^^m 

11] 

tuta^ (Au) , m (Ag) *felir4x^(D-^^S:3£^:9-ii-t--S»li, ^t^?&< 

m^t<D:^M'^mmmzmi:^xmt-t&m^t^mmii. 
mmm^mmM<D mimm^t <D:^\^t mtzm^t ^mmo) mt^m^t ® ^ foi t ® mm 
^mmRz:^wmm^t^mm^mm-izM-vxmmm.:^mzmm-^ti — - . - . 

[ff^:^l 3] 
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m^mi 4] 

ft#« 1-14 ®v^•rtl*^ 1 '=>izmm(Dm%mmm^m^^m^r=.^t 
m^mi 6] 

[0 0 0 1] 
[0 0 0 2] 

mfj^^^nxis^}. - :init mum.mmmi tmtnx\>^^. z(DmmtMm 

[0 0 0 3] 

y (IEEE MAG-7, 150 (1971) , ^® j: e> Kli TMR^^yFj t. 
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[0 0 0 4] 

„ zcDfctb. ^^ji&mmx^j^^tjimmmtm^m^^tti^x^^mmmx'ms 

[0 0 0 5] 

:i:ix r-mmmi mt. m^mm (oe) &r=.^)(Dmmmm (q) 7b^':^^vN 
t3'^jiSXNit^mm-t^r=.i^izit. m^m.in,thxit5 q~3 o Qmmoymn-t 

[0 0 0 6] 

^LTJi, :^^^MR^fb^$:W-5r il*^T^-5^Vf (spin-valve) 1^ 

S: m V ^ ^ r :«)^ - IS L T V ^ ^ „ 
[0 0 0 7] 

{c=b 'j^^fci^fbui^-e^-s J:e)^c$4^Tv^So ^hx. ^mmmiz^^ 
xmm^mF<Dmit(D^^m^-^-^\ 2o®5S?^'ffiM p, F®?^>fb;5-iBicD*@*f6ij- . 

^J^-^m^mt-^^. ±^/^mn.min.^^^^^:r.t.ti^X^^ (Phys. Rev. B45, 
806(1992), J. Appl. Phys. 69, 4774(1991)^#M) o 

5 miiE# 2001-3092673 
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[0 0 0 8] 

[0 0 0 9] 

[0 0 10] 
[0011] 

-'M^CfflV^^tlT^^^o 3<D:&S«— ^JC rc I P (current-in-plane) j 
[0 0 12] 

CIP:^^®^-^, MR^-ffc^i: LT« 1 0-2 0%@S(^M$:#^Zli::^)^nr 
|gi:^oTV^^„ *feJa^E-^^CMV^e3tlTV^-5>5/-;^F^-ry®MR^^y FT- 

Jit:ii{S{SMR|^(Z)M«^^Jn:'fiiic^u<^eo :i(Dr^sb. c 1 P:^^(D>^\fy/^ 

^'0:K}^y-/ij]y-:rmmR^y']^m(DMRm^t:hx-mmzmv^^-n^^ . . _ 

[0 0 13] 

L*^L:^^'!?3> 1 0 0 G b i t /inch^ ^Mpl^ ^ O ^^'Mmm^mX<D'mm 
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[0014] 
[0015] 

[0 0 16] 
[0 0 17] 

>&«^Stif«5:JfAb7tC I P- S VJK{CfeVNT=fo2 0 %^m^^ ^ Z) ^^i^^^Jt 
MRmmt. 5-3 0 Q<^||M6^^ffim^fb*$:*Jgt--53^ttllK6UfC®ll 

[0 0 18] 

3 0%$:M;t-5ie»^:^^";&MR$:^#s^^5S^i-l/T, ^'fi#:^#»[4^ . - 

Sr^JS b7cAX^^^C^V^T|^®^CSit::;^|BJ (current perpendicular to plane 

: cpp) iz±y::^nm^m.-tm^(Dm%mm^mm^ (js^tcpp-ax=^^ 

7 mSE# 2001-3 0 92673 
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[0019] 
[0 0 2 0] 

M«5g*^ ^ ^ S AX^^ S L ©MM^ la:^ I^CD & M^-t S i^^M ^ -5 o 

o t^e5f$l±r®ffiS::^^<-r^ feeble, AXIS^S Li:«#E Lh(Z)g^-^®a$:nT 

Zl^:^^<^^^i:;SloTV^.5„ ^^(Z)?^^?:0. l/iinXO. 1 mlC/N' 

C o 2 nmilC u 2 nmi:?:xSlCl OiaaJS-ttlli, Mi 

[0 0 2 1 ] 

^X±.(Diiof£M^fi^^. C P PAxl&^^-r yoDM-e. FmiJ$:# 

[0 0 2 2] 

b*^L-:5-T% MR^^$:MR^^y F^C=fe;^V^S^-^^C^i, ?^'ffiM(Z)?^<b®0J 
if > y X^^'tlg^ L ^ V> J: e> {C, #i^ttJi ^r-^i^lE^b-r -5 ^ Tb^ifcl^SI o T 
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[0 0 2 3] 

-Dxmitii^m^-t^mo^h-^jKDMst m^txmm) ^/i^^<-t^£'>mti^& 
^mm^m±^i±^ztt)mmt.fj^^x\,^^. 

[0 0 2 4] 
[0 0 2 5] 

F eMn/N i F e /C u/N i F e, F e M n/C o F e /C u /C 
[0 0 2 6] 

®2 9{±, CPP-S V^^(Z)|^®#m$:^'riK.-i;|llT'feS= 
e)?&C P P - S V^^K{C^V^T, Sin;'fii$::'c^<-r-g>fe4?){Cli^'[4M<Z)^$ §! 2 

[0 0 2 7] 

- C P p-^-^©x If lis 1 5 %mm(DM R^-rt:^ b fj^m ^ . 
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[0 0 2 8] 

1 0 0 G b i t /inch^ J:e)J&l^fB^^ST'fflV^S3 2l;?)^T'^§, ?! 

> /■^Vl/ liUJi i: ;^ o T V ^ ^ „ 
[0 0 2 9] 

[0 0 3 0] 
[0 0 3 1 ] 

:r.zx. mmy^ ^v^-Mit. mm^f£mmti^'^^^^^<Dt.'r^^tti^x^. 

[0 0 3 2] 
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mmm^t mmm<D mtmit <D:^mt. mmmit g & m <Dmmmit <D:^\^ii(DmM 

[0 0 3 3] 

m^tmmmiimmm^t}^mmt.(Dmizmi^^tit^i¥m^^mmii. 

mmm^t mmm(Dmmmit(D:^\^t mmm^t ^mm<Dmmm^t<D:^\pit<DmM 
nmizmi^xmmtt^mt-t^m^mmij^m^x:^^x. mmmmoymt^^m 
•t^r:itb(D^y^mmt>K mmm^mmm. mmi¥m'\^^mmMmmm^t^^ 

[0 0 3 4] 

nfcm^tmrnmn. mit(D:^mti'^Mmmzmi:'Xmit-t^m^t^^mt.. mm 
mimmmiimmm^t^mmt(7)mizmn^tiramm^mMt. ^m±. 

mmm^t mmm ® tfriaM ® :^ irj i: mmm^t s s m taiH^^b <DmM 
nmizm cxmtfLf)^mti'^m^i&mm^m^x^^ t, mmmtfL(Dmt 
^^f=.}^(D^y7.mmis^. mmmmmm. mmimn.^mm^r:^mmmi\:n^ 

[0 0 3 5]-- - - - - 

z.^x. mm^^:^^)\y^^m.^t.t^m\%. i^mmj^mmii-^^r^^^o^iit 
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[0 0 3 6] 

M$:l^®fC^LTIS&^[tt:&r«J{Cii«$tl, ^ (Au) , ^ (Ag) 1^fz.\%Z.t\.ib 
[0 0 3 7] 

r^T'. tata^ (Au) , m (Ag) tfeli2:tL^®^^$:^fig^ilt--5JS« 
, 3*^6^J&^m3^)^^^-S=fe<Dh-r-S:ii:7!3'JT'^, ^r=.\t. BfffH^ (Au) , ^ ( 

[0 0 3 8] 

mtmmmiimmmt^^mt.<Dm\zwLnht\r=.i^m'^^f^mii. ^m^L. 
mmmi\:mmm(Dmmmito^i3\pi}immmit^&m(Dmmmit(D:f]\^ 

t^r=.isb<D^y:kmmf)K mmm^mmm. mm^¥m'\^^mmjkx:^mmm^t^m 

[0 0 3 9] 

- t:0x^\ t.r=.it.- mmmmi^ ^ t-t^m {i^^^^<t^i -dcd^ u-^m 

-r § t)<z) 1" zi h % -e ^ -5 o 

[0 0 4 0] 
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[0 0 4 1] 
[0 0 4 2] 

[0 0 4 3] 
[0 0 4 4] 

cm 1 (DmM(Dmm) 

mcomm<D±iz, s.mm^mA. mi(Dmnmp. ^m4¥m^ms, m2(Dm^ 

[0 0 4 5] 

mizMhxmmif\^izm't:iiit>mmii^j^-DX\^^. 

[0 0 4 6] 
[0 0 4 7] 
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ti, mm^i^^m f uxm^f-^mm r i ^ ^ r 2 y^miii^m FMt\^o mmm 

[0 0 4 8] 

i:LTf^Mt--5o S^JC, {£M^ti^«^Iii2oco«^HMMR 1\ R2(^ra 

\:fyA;v-^mm^mRMxmm-t^mmit-m'j^^-t^t=.i^±i^}ii^xiz^<mm.m 

[0 0 4 9] 

m^ic, «^li2o®«^MMJSR 1, R2(DraT'^M;{)^;5ifS:^';jg-tai, 
3a?^tt^ji/#?g^tt^4tMa)#® $:#iS[Iiiaii-t <5 ^ i: fc s „ c p p x if 

y^Mtc^vNTii, ^^^^my4¥m^ii^m<D^mz^n^m^m^ioymm. t-^ 

EI2 8 {cMbTtu^btC P PAX|&^lcfel-t-5f^M^|Bl#T'^S = 

[0 0 5 0] - - - - - . 
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[0 0 5 1] 

t.r^. 2fs:^^M^cfev^T^i. nmit)mmKMLxmm.:^\^izmti^cF f:^ 
^^t^x\i^^r=.9). ■t^x(Dnmiit^m'\&i^m/'0mmi^m<D^m^mm^ 
ztizfjt^. ^c^^niiLT, CI p:^^(Dm^izitm^izmmx^tjtf3^-Dr=.^ 
mm^^mi^xmmzmm-t^:it.ti^-^mt.rjt^a z.(Dr^}^^ cip^^Tii^ 

o 

[0 0 5 2] 
[0 0 5 3] 

Ti&f^i-^^, ?^'ftc?)Mliti°>»P(D?^'fba*^ 1 o®:7U -mPo^MiMm 

o 

[0 0 5 4] 
[0 0 5 5] 

" :R^6^{c li, '^^mi^X l± tf > M P , y U — M F ff^ h VX\t2 o 



aiil#2 001-3 092673 



1 



i(t2000 — 32 11 7 1 

[0 0 5 6] 

^^Mi^miZ^i-f^m^EMMRl, RZHLXlt. Bi (l^XVX) . Sb ( 
T>^^>) , C (j^m) ^(Di^±m (-fe^^^;!/) ^, ZnSe (-fel^^-fbM 

■So 

[0 0 5 7 ] 

^e^m^liySlif^ti-g) j:e>{c;^-5„ -r^t)t>, EI 2 (a) tf>M 
P i:-7U -MF(Oi^^b*'^¥^fcD:©-^, 0 2 (b) ;KW<D«-^{coVAT, ^ 
ti ^tL«^;b'J^ -5 3^7^ > 2/ ^ ;b r t° > CD ^ > If >(D fc 

[0 0 5 8] 

*#§^(D^^tC^VNTa, «^>SM®R1, R2c7)ctitc=fo^^«-7-:^^#^E-r-2. 

[0 0 5 9]---- - - - 

Ztl^CDMUiZi^n^^ 3i;VS.ji<v^yU^J\y(Dmit. l e V~0 e V(Dmmz 
LV>„ j:tJM^L<tt, 0. 5 e V'-'O e V(0^H7&^JSbTV^S 
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'fiii^Vh $ i-fnit/l^ $ V ^ a i:\ «i^cD^ D -5 /Kt^ > i/ ;i/ icm^ o {-t ^ :i i: 
^ <-tSr i:*MlgtC;&^„ 0. 5 e V®S^, -e^m^lgSClil^ja. 5X10^ 
•i<^yiy^JV(Dm\tO. 5eV t^t ^mtimt LA^L, 1 e VJ^^T 

[0 0 6 0] 
[0 0 6 1 ] 

Bf3 (b) li, ^^^f(Dm^iz'D\,\x. ■tti^tin^fj^mc^-iii'ryty^jv^r 

vzf:^\:fy(Dm^t.^'^y^\^y(Dm'^iZ'D\,^xmmVf^V^-7X:^^. 

[0 0 6 2] 

^Ui^#'^:t«bfC, «^^;KfifJiR 1, R 2®/iy TA^ Mi, 0. l e VJ^ATT- 

fe-S^^vS^M^ LVN. 

[0 0 6 3] 
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^mv&^o mmizmLr=:^oiz^ n^T-^MMRi. R2tctf>7}N-;i/HS:jii: 

[0 0 6 4] 

itm^Jti^^m^^^^ll^V^^. fc^L, Co (=rA;i/h) ^-ft^, Ni (^^y 
[0 0 6 5] 

1 0 nm<D^mKm^'t^:it.t)m^ LV^. 
[0 0 6 6] 

fcf:/jiP i::7 u -MF©^ti^ti®«^;StifMR i , R 2 {c J3 it s tf > - 

ti T V ^ If > - ;i/ H 5: it L ^ «^>fE^ f# ^ 4x -5 o 

■[0 0 6 7] - - - - . . 
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[0 0 6 8] 
[0 0 6 9] 

^fc, ^n&.ifi'iz^. mmnm^<^x^m-t^^inz^i)\£zy:^^-jvH^W'D 

[0 0 7 0] 

ilhXlt. AFM (atomic force microscope) V^fe^K^i^X, 

AFM^&MV^fe^MX(D|^^C«, t=.il^lt AlOx (mitT J]^ ^ - ^ 2^) 

(Dmmm^m-mLxis^. -^(DAioxizf^^rm^^niz^^jm^x^^. t. 
^, ^Bmmmz^'')mwmiz-mmi^t^\^y^^-j\y^mmt^m'^\zit. m^it 
, Ai ox(Dmmm^mmLxn^. -?-®Aiox_t{cgajsM'fb(cj:ybf>;t; 

[0 0 7 1] 

:i(D^oizmm^tit=.i]mxi^y!r^-jvH^mmir^m^izit. 2o(d«^m 

(a) izm^l^tc^OlZ. ±T(^n'f-^MMR 1 . R2(DmX. ifyii^~jhH(D 

^m^mcMmizfji^-^^iz-t^^i't.^x^^o t-r^. -Cb.) icM^ufej: 
e)ic, _LT®«^-;KiifjiR 1 , R 2(Z)ra■etr>;^^-;l/H®^g:^'!■rtlTv^^ j:e> 
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[0 0 7 2] 

j;e)C-r-5z:i:tj-e^, ^Ttii, M^-g> j;e){c-r-5r ^t;T'^-5„ m^^MMR 

1, R2®e>^'e, m^^;^)'!AoT < -5^S■)<Z)«d^;SltjS(7)tl°>:J^-;l/H(7);^^^ 
[0 0 7 3] 

±(^n^RMMR I A. R 1 Bfe-g)^^«R 2 A, R 2 B V^T J: Va„ Z. 

^^i-^ $ r Tb'f oTtg i: u , S izmmm^J^c p p - s v ^mm-t^ r iii^v 

[0 0 7 4] 

m-t^ZH^-^mx^^^o 3®i:e)lCi-^^^{Ci;oT. «-?MJWM R 2 {C J: o 
T U - ® F ® (C ;t -5 ^ ^^/jNlSg {C if i?) -5 - i: 3?)^ pTtg JC :^ U , 

® Mii*'!^^ fc § 3 

[0 0 7 5] 

&.±M.i^m^mift=.:^mmmmizi5\f^mii3^x:^m2(Dm^^ii^mp. fjc-^ 

3^^'f4#> fe^VNliN i F e-^^CDJ:e)J^N iS-^^, ^ VAti F e ^-^^^IC 
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[0 0 7 6] 

^rT', Fem-^^tLXlt. Fe (^) , FeNi (Wi-^y^JV). FeC 
o m:nAj\/h) . FeSi (^^>Ui:>), FeMo (^^U^-t-*>), Fe 

[0 0 7 7] 

Co^-a-^hLTli, CoJC^fbT,, Fe (^) , Ni (-^y>!r;i/) , 

Au (^) , Ag (^) , Cu (|@) , Pd (A'^i^'^A) , Ft (e^) . I 

r (>fUy'^7A) , Rh (□i;'i7A) , Ru iJV9-=-^2^) > Os 

[0 0 7 8] 

LT^^vx. :l®5Satt^^^MFM/#»tt^MNM(DaM«^t^c^v^T^i, 

[0 0 7 9] 

yA)vzfmiz^\,^xit. mmmi^myfm'^^m(D^mizi5H^m^m^i(Dm^ 

v■^ e)-#ffl 2: ^ t- ^ o V ^ T li, -d; U # <- <©#® ^ ^UM -5 r 

. ^fe, msiz-js^^xyv-MFtmrnELiLCDmizit. m^^mmti^'m^^Mm 
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[0 0 8 0] 
[0 0 8 1 ] 

NM(Z)#3|SF^ LTliC u, Ag, A u U < li^tl^CD-^^^rMV^^r il^'^M* 
[0 0 8 2] 

J^) , Ru 0\^'r—^hs) , Mn (V>^» , Cr (^nA) , Re (U-'t7 

i^) , os {yir7.^^hs) ir (^us;^''t7A) tj^Eoimm'^^m^m^^^^t. 

[0 0 8 3] 

u, Fe»-^^/Ag. =bL/<liF e«-^^/Au-Ag-^^#®, Co*-^^ 
/Cu, Co^-^^/Ag, Co^-^^/Au, t;L<l±Co«^^/Cu-A 
g - A u if 5: # ^ r i: T' ^ -5 o 
[0 0 8 4] 

S^Sffi^: if F M ^» N M S it (C ^ tl T V ^ -5 S^^'ffi^^js M F M ® 

M^^LTtt, \^ymp\zif5^^x\t.M%m^^m^mm^-^. >'u-»F^c^v^ 
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[0 0 8 5] 
[0 0 8 6] 

#jMFM1, ^2(Z)^?^'f£^*:SFM2, H 3 ©S^a-ffi^^IsM F M 3 $:«M b 
[0 0 8 7] 

LVN„ ^<©7tA?){C{i3t^'l4#;jg^ LT. Fe /Co 
Fe/Fe. F e /N i F e / F e if® (C, t:°>M e> ^®/Jn$ ^^^ttf^js 
® «M#Jt -t S r h * b V ^ „ 

[0 0 8 8] 

:7U-MF{cfcVNTtj, ^MJn:®:^^^ F e /a u|?.®$:MvnS 3^ 
V^o ^(Dfdi^. ^^^i^MUl^Xit. Fe/CoFe/Fe, Fe/NiFe/ 

[0 0 8 9] " - - 

M ® M M -e ^ fig $ ti T V ^ § i^:> s I i ^ V > „ 
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[0 0 9 0] 
[0 0 9 1] 

tVNo 3tllCMLT, 5taffi#:JSi: LT§S^tt*g-^b7^C o F e, N i F e 

r^UL $ ii: -5 r h or fg tc :^ -5 „ 
[0 0 9 2] 

^ M F M N M (?) «M «5g tc l-J a F M IC, 

F etiLKltF em-^^ti'^^tti^m^lZlt. f c c (face centers 

d cubic) :Sl3tT'fear^*^M* LV^„ :itlliAu, Ag, Cu^CDfcc^M 

^;b^#^ti^3b^^T'fe'5o 'fib, b c c#3t$:fflVN-5^i:=foT?^^„ 
[0 0 9 3] 

#ic, 3ti^'S#:M/#Nl^tt<!^M<7)aM«ittc^3tt-g>3^1^tt#:JSi:LT2a)^(Z) 
?^ffif2|t?:i^a^^;b-&^^^(cii 01 1 {cM^L,;tJ:e)fcf c c#it(Z)?sa'ffi#: 
«FM(fcc) ^ b c cJ|at®5^^ffi#;MFM (b c c) i: :i 
t^X'^^o :i(DJ:o^J:m.^^t)-&lZi3V^Xit. f c c(Z)3g?^ffi^FM ( f c c 

) h b c c ks^^'K^FM (bee) (Dmi^v<m. y a^}i^m(Dm^> ^mmm 

^l ®^^'f4M-P ^ib c c#5t©3Sa'ffi#S,- ^ 2 F ii f c c #it(Z)5tm 



2 4 



ffifiE#2 001-3092673 



#2000—321171 

[0 0 9 4] 

ioTipji^-fr-sr ^}^)^T^^So z.(Dt=.^. mi 2^cM^b7^<i;e)^c#^^'ffijiN 

M=b, mX\t. mi(D#N^'f4MNMl il||2(Z)#^^'f4jiNM2^®^jS^^i:-r 
[0 0 9 5] 

MFM«, ini 3 {cM^bfej:e)ic, ^mm^mFMiymm^i^mFM2(Dm 

[0 0 9 6] 

#MW;^)'^:^^^Xtf>lS5c#'ffi$:t;t., C P P -MR $:lt:^ Sit -5 i:v^•slftM^ 
[0 0 9 7] 

«^MI^MRl. R2©#Ali, #{ccp P:;^tf>A-/;bM®lSS}7t'fbJc^:^ 
ti^&^-ffi. t°>MP, :7';-MF5:«ji'f[:t--5ri:lj:, #lcMRit(^)m:^lc^^ 

^-f ® c P P ;^ ti° > A' ;i/ # ^ r h 7b' nrig ^ -5 „ 

[0 0 9 8] 
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[0 0 9 9] 
[0 10 0] 
[0101] 

^mm.trLii^mzi<^^\^m^^t)-^t.VXiii. N i F e-^^/C o F e-^^, F 
e^^^/N i F e-^^. =fo L < iiF e^-^^/C o F e -^^SrM 3 

[0 10 2] 
[0103]. 
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4f 2000 — 321171 



[0 10 5] 

MR 1, R 2 izmmh xm 3 (D^m'mi^m FM 3 fj^mn ^nx . 

[0 10 6] 

srt^^M^ Lv^A^, F e fd^-fxityv -Mti hxsm^jtmmm.m^^^^ ^ t 

m%^^(D^nx V ^ ^ ^ttMf^ ^ t- -5 r illc J: y |>c^^#tt |Bl_h $ -& S r 
[0 10 7] 

3^?^ffi^M/5S?^'l4^M(?)«»#jt{cJ3tt-5^^ttf*iMlc, Fe=feU< 
C o F e, N i F em<D f c c^M^^MS: Lfe#-^{C J: U^^tCT'^-g> 3 il, 

[0 10 8] 

^fe, 2McD^l^ttflsM®M*^-^t)1±h LTli, f c c^itcDgS^tt^:^ b 
{C, r®^^i|B*t-^t>i^^C^3V^T^i f c c?S?ltt#:^i b c c 

[0 10 9] 
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#2 000 — 321 171 



c p p - svici3^^xit^mn^ii^\^yMP t-yv -Mf ^ 
m^m^l^^n^t>^. bf>JiPt;b<ti>";-MFS:#jg'fbbfc# 

o^U, fc:°>'MPi:7U-JSF®«JlM^$:iS5:^{cM^'2>=fec?)i:-tSri:lc 
<kU, 5 ^(cMmiCLoo, lftMR^'fb^75>'^ll3^T'^SC P P- S V$:||^•t 
[0 110] 

i¥M^^mms(DMmt.hx\%. cu (^) , au (^) , Ag (IS) 

3&%S$:Mv^S3h^c<^: ^ 1 coS^t^ftS P 2 ®5^^'f4M F ii® 

(D^±KX'Dxmm.'t^:m^'^mx&^. ^M^otfc^i-js^^ 

o 

[0111] 

t.fc. im^^mmshi^x\t. mi sicwrs^Jtsr^L^jcexc, cu, a 

u, Ag^(Z)MM$:«Mb7^c#^ttMS 1/»I4MS 2©aji«?tT'«^f § 
^h^nimx-^^. #^ffiM S 1 S 2 ®«S«it(^«MM 

il , - If >-Ji P % b < li- ^ U - jf F (Z)«MM ii^ tg^ S r }c J: U - 

, cpp-sv^^^mm\zn\^xmm.i3mzmt\^^z.}if>'^x^^n^(DmM^ 

^ h;i/$:f!l|5SL> ^J]i^S^5^■e]I^MR^'fb^7!)^^^gT'^'g>CPP-SVS:^^ii- 
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[0 112] 

$:MV^-5Z1 t^'^M* L/V^. A#^61;{Ctt> PtMn, NiMn, FeMn. IrM 
[0 113] 

MF(^)v^'rn:^^-:&, ^:t^M:^^cJ3v^T. M§Si^'[4J^-^MAc Sr^Tr LT5:v^^c 

M5Si^ttM-^§:LTV\S— *f(Z)^^'(4^jiFMl. FM2 ^rf^fAHLifeL^fe^-Zf^-S 

a 

[0114] 

-t a ^ =b nTfgT' -5 „ 
[0 115] 

JS5:iHgL^}6^o;t*\ lll^(Z)^^$:?^^-r^^-^tt, EI 1 7 {cM^L^c J; e) {C 

ai5«ME u 2-i: -7 U -M F i: ® raicii, h f^^ ^ ^ M C $:ieS-t-5 3 iS^ 

M*Lv>„ rti^^T^SB, -^MSCh UTti, Ta , Ti 

>) , Cr i^UU) ^(Dmtl'^O^^^^MfA. Cu, Au, Ag^®«^Sm;^'^ 
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[0 116] 

[0 117] 

[0 118] 
[0119] 

xmti^t)"^. -^(D-mitm^^MmRiz^^x^m^n^. ^t\,iz^^xm^t)^ 
CF p :^\^yA;v^mm^MRMxmmhx^<mmitM'p^^r=.isb±ij^tLx 

:^ ^ < H^ffitn: if >^ S i± -5 3 i: y^)^ ^ S „ 

[0120] 

:^mmmmizi5\^^xit. n^(Dmmmmttm'p-t^r=.i^±i^iiLx. :k^<m 
VA^, MRmtmitiz^^^miz^-DX^K^iiti^-^mii^^^. 

[0121] 
[0 12 2] 

tt=.:^mmmmizi3\i^x,%. ti°>jsp, yv-mF(Dmit\t-ii^t.\^xmi'^-t 



3 0 
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[0123] 
[0124] 

^^Mim 5: [nl J: ^ i± ^ ^ T' ^ , ^/nV X L T ® 5: f«I_b ^ ii: 
[0125] 

Lfet)Oi:|^^(C, B i , Sb, C ^®4^^M^, Z n S e^(Z)V^t3l^)S-lf n 

[0 12-6] ' - ' - - - - 
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[0 12 7] 

y}<5=->S/^;K^'fiiJi, i e V'-o e vommz 

^iV^oTV^Sr ^jJj'^M* bV^„ J:UM*L<li, 0. 5 e 0 e V (D^H;()^3S 
[0 12 8] 

[0129] 

51 ^ (C j; o T $ n i?) , /I U T < ^ -5 < ^ iii ^ -5 = 

/lUri^^JiO. 1 e Vi^TT^'Sd^^'^M^ bv^„ 
[ 0 1 3 0] 

m^mm^\Z^ptj^<}l^l OM^^<Z)H°>/^^-;I/;^)'!?^^$tlTV^-g,- ^t!)^, 

i" ^ K-t ^ r ^ T'^ o - ^ > ;u® h - ^ ^^M^ 
^(Z)J:b^li, L/<(i5 0%J2ilTT'^-g>3<i::^':m^^Sm&-h#^-&-5 7t«?)^cii 
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[0131] 

r (D^^ \z ii. n^o^mrnm t° > jj^ - ;b m l f:Ln%mM tc j: o t $ 

[0 13 2] 

fei^XCliO. 5 nm~ 1 0 nm®«gHfC|g^-r-5 ' i:*'^^* L^^c 
[0133] 

i^-Y ^>S:Mtif-t<5> Miff's, m(D:r.:^ jv^- ^fi^-t 

^xmM:ir^z.t.\z^i)\^yii-^-}\y^W'Dt=.mim^mmt^z.}L^X^^. 

[0134] 

-jv^mm^^:iii^x^^. ^ti^cDmm^m I mmmmizmhxmi&i^r^M 

[0 13 5] 

:*:ii]6g?^ffiici3 j-j- ^n'f'Rmm r =b, - ^^jv-f-L, =fo 1 m m vf xm^^ nx va 
^smitr£<. 2m&.±(DmMmm^mi^x\>^x^^\^\ ^r^. m^^mmRit 
. 4¥m^^mMS(D^izim<o^xt^<. mmmti^m-^^nx\^^x^^\i\ zl(d 
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[0 13 6] 
[0 13 7] 

mLxm^'-tsm^izit. -^ti^tKDm^KMMR. ri. R2icj3t-t-5ii°>>iN 

^S, S2 OlcM^LfcJ;e>{C^4l^tlCD«^Hl5fMc^r^"t?l:f>5j^-;i/H 

® M;(>'! I'ti T V ^ -5 J; e) }c|g l-t s r i: =b T' ^ -5 „ 
[0138] 

igi 9iz^Lr^^oiz\^y:^-jvH0)^mii^'rtix\^r=.:^fy^. m^^^^jm^ 

•t^ZHiH^X^^. 
[0 13 9] 

tfz.. zo)^-^izi^y^s-jvH(D^m^Mmi^xmm-t^m^izit. ^n^n 

(Dm^KMMR. Rl, R 2 {cfet-t-5t:°>>fN-;UH(Z):^§$®M^t)MST&-5 

^t)-^, «^;KiifMR, Ri, R2(Dot>x% n^(DmtnzMi^x±mmizwti-^ 

^n^^(D(D\:fy:is~jVH^:k^i^izm^-t^ii. m^^m^miz^M-t ^ :i t. 
ij^X^, cfc UlS®m^C P P >^if>yNVl/-/^^$:?l^^!g-r'g>^i:;^)^T'^-5„ 

[0 14 0] . . 

^tc. :$i^m(Dm2mmm-miz:i5i-f^mii5j:z:^m2(Dm'&.mp. f^, m 
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[0141] 
[0 14 2] 

^Klt. PtMn, NiMn, FeMn, I r M n^(Z);g:3iH^tti*^M V^S 3 i: 
[0143] 

[0 14 4] 
[0145] 

'[0146] ' - - - - 

im 1 (Dmmm) 

^r. ^mmo^^ioymmmiZ'D\^^xMmr^o 
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4^2 000-321 171 

m2 lit. *i§B^®ii 1 (Dmmmizi)^ti-^^m%m.um^m^o)mmmmmm^ 
mmiti/vny (Si) mm±iz.xAv ^mizj:^xcurmmEL i^mm^ 

izm-tumtmm(Dm^)x$>^o 

T a 5 n m (AyPrMB) /N i F e 2 nm (A^y :7rMB) / 
PtMnlSnm (MS^I^ttM A) /CoFe 1 nm (If >»P 1 ) / 
A 1 O X («^^Mt^MR 1 ) /C o F e 5 nm (tf>MP 2) / 
Cu 3 nm (^att^HMS) /C o F e 5 nm (^U -»F) / 
Cu2nm {imBi^M^Ml) /AlOx («^)KS«f jf R 2 ) / 
C u 2 n m (#^^'K#:MNM 2 ) /T a 5 nm (^®MC) 

[0 14 7] 

rzi-e, «^-Mtif»i:^-&A 1 Oxtt, Al (T;b^-'i7A) $:^MLfe#. 

V^T{i, Al$:lnm^mL, mMlZ 1 \^ ^ y -if ^ =Lr -tc.» ^ tlZ ^ V 

, 0^b^VMi°>/jN-;KZ)|gV^;t A 1 O X f^t)"^. :=^MMMiZi5 

v^T^i, bf>/}N-;i/:«)^ISl-t^ti:feA 1 OxM7b^«-7-;5lfMR 1, R2^LT^|g 

[0148] 

±m::^^y/ijv':fm^(D±iz'^^izmmmAi oxmz^m^L. o. i^m 

-e<D±{CCu (m) 2:7^5 0 0 nm(DjSJ?(CX/N°«y^^^{Cj; 

oTaMLT±s[sME L 2 srj^^t^Lfe. ^^sfeMT'ii, ±mmmz^i}mmm 
A 1 oxj^zcDo. 1 (ino^'fz^Mi^xcpp- sYn^^m^-r^zt-fy'^-^m 

tr^'^'tL. ' " ' - ■- - - - . 

[0149] 
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[0150] 

atmm i ) 

o -e®^, ^(Z)±fc3 /£m#(DCPP-s v$:figMbfeo -^(Dmmmt. arco 

T a 5 n m 7 tM) /N i F e 2 n m 7rM) / 

P t Mn 1 5 nm (M^^'ffiM) /C o F e 5 n m (tf>M) / 
C u 3 n m (^N^^'ffi^iKM) /CoFe5nm (.y V -M) / 
C u 2 n m /T a 5 n m (-^MJf ) 

[0151] 

■?-a)±lC$^tC, 02 1 ^|SI^®A 1 OxC7)$e^M$:?^^U> AlOx{Cli0 
.1/1 mn(^'r:^^^Vt=.. ■^(D±iZC u $: 5 0 0 n m(DmmiZ:x.Av ^mz^ 

> m.mmtmii3%(DmLi)^m'ihtif^i)^^f^. o^u, ^itmmxit. o. 09 

[0 15 2] 

oTCuTSU?: 5 0 0 nm^JSL/, :7 ;t h U 'J^'^y-f - lZ^i)mQ fimO)7. 
b^>f :/it^}CJ^mt.?t-c - -eC0^,^'(D±(C3-/i-m:^GDG PP— S V^^Mbf^o - 
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T a 5 nm {Ay^rMB) /N i F e 2 n m (A^y :7tMB) / 
PtMnlSnm (M^^^^'ttifA) /C o F e 1 nm (^^'f4#:ji FM 1 ) / 
A 1 Ox (.n^&mMRl ) /C o F e 1 nm (mm^i^MFMZ) / 
Cu 1 nm (#^i^tt#:MNM 1 ) / O o F e 1 nm (3S^'ffi<i|sJi F M 3 ) /C u 
1 nm iWW&Mm^yi^^ XC o F e 1 nm (3^?^ft^*cJS FM4 ) / 
C u 3 n m (.^t^^^^M S)/CoFelnm FM 5 ) / 

Cu 1 nm (#?^ffi#:jSNM3) /C o F e 1 nm (3S^tt^MFM6) / 
Cu 1 nm (#^i^'[4^*:JSNM4 ) /Co Fe 1 nm (SS^'l^^^sM F M 7 ) / 
Cu2nm (#NM^MNM5) /AlOx (m^ygtif JS R 2 ) / 
Cu 2 nm (#»|4^MNM6) /T a 5 nm (>KMMC) 

[0153] 

-htHM^^ttCfeVAT. ^?^tt#:MFM 1 7t)>^^^ttMFM4 ^-eCQaJili. 
tf>SP$:«^t-So ^fe. 5S^^'^4MFM5;0^^M'l4MFM7^€)V^^i#^^'^^ 
jgNM6*-r<Z)^jfli, -7U-»F=l:^^i-^„ 
[0 15 4] 

t fe, m^;KltM R 1 > R2 §:«^-r^A 1 Oxli, ||l||}6M^lim«(Z)^^ 

jcj; y, fcf>3^^-;^®|g^^feA 1 OxM^ bT?^figbfe„ 

[0 15 5] 

±fB^fcf>A;b^ll^(Z)±{C, 02 1 i:|Wf^{C, ififi^MA l O x]^S:?^^b, 
0. 1 m:^ (7)7^5: J^^Lfeo -^©iiJC C u ^ 5 0 0 n m®JSjP{CX/A° ^^^JC 

A 1 Ox|^(D0. 1 A:^(Z)7X$:7lLTC P P - S V#'f4$:M^t--5r^7b^Bltgi: 

[0156] 

^MtC^i-t^MScDM^, m^mji\%^^^f£^'>). ffim^^b^i: LT 2 0%® 
1i$r#^3i:*'^T^fe„ 1; 8 QcDmm^'fi:»$:#'2>ii:A^-T'^fco ^ 

e3i:}^)':?S^T'^feo *fe, >'U-MF®Hctj/jN$<, ^(Z)?^>fbtt^gp^^^c 
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[0 15 7] 

lB«$tlfe-^®?^^a-^ 1 0 2, 1 0 2 5:^1-^. ^^^a-^' 1 0 2, 10 

m(DCP P ^4-^(Dm^-V&^. — *f®?^^a-^ 1 0 2, 1 0 2 S:l^<' 

^olZ, ^(DM^Klt. -*f®7^MT>^.M 1 0 6, 1 0 6 4xT V^-So A 

>(r:^mi 0 Sit. )g:^^'ffi^fe^v^ii3i?^'ffi#:7!J^^^^;. ^^a-^i0 2i: 

[0158] 

mmmi^ 200 izit. mm v=yv^ 20 0 T^^j^^g^ti. h 2 0 0 b 
m%m.immm^i 0 a t.-^mAjtim%mmz^?L^i[i^. m,%m,im^m^i 

[0 15 9] 

m%mm%.n=f'i 0 A(j^mmM.^%t.m^mmi\^v h 2 0 0 B<7)-9--rx{c-^t) 

^ t; ^ ->v ?^ © lis w {c t@ ^ i- s tc MPS L T ti T v n ^ „ - 

[0 16 0] 

%mn\zi:t\,\t. 1 0 4 h LT, mi 7!rMlll2 1 icMUTtu 
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[0161] 
[0 16 2] 

mmm^mmiz-Di^^xmrnt^o mmmmz nzmhxmv^i^r=.^orjt^mm 
(Dm%m.mmmm^\t. 02 2{cM^Lfcj:e)^i^^^^y Ficjg^^ti, m^it 
, mmn^-ii^mcDm^^y y^y^y^vizm^ii^^tixm^mmn^mmzm 

[0163] 

-<x^2 0oa, xif > K;n 5 2(c^^$ti, EI^LJ&VAigg&^S0J^^7!)^^ 

(Dmmm^izm^-t^mBhfji^^=e-^iz^ ij^^A(D:^mzmm-t^o m^'r 

^-r^*l 5 3tt, ^iK^/^CD-9-;^^>i/a > 1 5 4 ®5fe^{c:$tu^Jt ^irlrv^-5o 
Z.Z.X. F>^^-r ^*l 5 3 a, Mx-lS, l^6||MMlcfcVNTtaMLfe=be)J5; 

[0164] 

" a^T-VX^' 2 0 O^^ia^-tSi:; ^^y FX^-f ^5M-5 -3©^^#r6l® (AB - - . 
S) 2 0 0(Z3^®;?)^e)m^®#Jl*$:tJoT^|#$tl'^)o 

[0 16 5] 
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A 1 5 5<z)^^{c{d:, u xT^-^?©— S'efeS3if^>^ii>r;i/^-^ 1 5 eti^m 

t-t^jtlTV^S^ ;K>r xn-r;i/^-^ 1 5 6 li, T^^:ix-^ T-A 1 5 5 
[0 16 6] 

T^5=-iiX-^r-A 1 5 5li, ®^|fil 5 7cZ)_t:T2mm{Ci3t'te>4X7t®^ 

K M I& g * { c T' ^ -5 J; e) ^ c o T V N s o 
[0 16 7] 

024li, T^^a.x-^T-Al 5 5 ^5fcCD^^/s >y KT-fe>>^U 

5 1 T^^^x-^T-Al 5 5 C0-5g^tCl±+h^^>i/ h > 1 54ti^m 

[0168] 

K&II^^^-irt)i^T%av^„ •9-:;^/^>>>3 > 1 5 4 J:t>*SB*^ 
*JMa)y- F^l 6 4 KISl 6 4 H^y K^^-f ^5^1 5 Steffi 

/\ KT ir > :/ U 1 6 0 Kt?^^ „ 

[0169] 

r^-e, /\>y KX^>f ^1 5 3 (Z)^f?fi>t^rnl® (AB S) Hm^'r ^ 7^ ^ 2 0 0 

©^M^®^Clivm^®#±*;()^'l3^^4xTVA§o - 

[0170] 

Fi 0 ^mmLt^^^^ ^ 1 5 3ij;, 2 0 ocDmmiJ'^ 



4 1 
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[0171] 

[0 17 2] 
[0173] 

mmi^o^-r^xaymmiz-^\^x^mm^mmizmmhxmm(Dm^^m^:it 
mm-t^^iiti^x^^. 

[0 17 4] 

mtLxmT&LtcL^iDizitm^^nr. mmmt)mmLo^mm(D-t^x^mm 
izm^^xmm(Dm^^mhm^o 

[0 17 5] 

^fe, m^mmn^mmzmLx%. n^<D^^mm-t^%(Dx^. mm-n 

[0176] 

^^tD-^x. &^^^{tmAx% m^mm^mm-t^ mm.^=^viij\ys ^m^-t 
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mm (MRAM) J iz^mm'^mx^&^o 

[0177] 
[0 17 8] 

[01] 

[02] 

. (a) li, \£ymP -M'P <DMit-iS^m7(Dm^. (b) li, ^^^f<z)^ 
[133] 

(a) li, if^S^^'U-Mc^^^b^^W®^-^, (b) Jxmy(Dm-^K 
><Z) {c o V A T L :t ^ ^ :7 T' c 

[04] 

0.9 © a^^m^^^-?-® CD t^ffi^fi^ ^ 0 ^ ^ „ 

[05] 

( a ) (i,- ±-T <7)«^^;Klif » R 1 , R- 2 CD r^T% fcf > - ;i/ H (D^M $: ln' D tC. 
(b) li, _tT(D«^MI^MR 1 , R 2(Z)r^-efcf>;^^-;L'H(Z)^«7b^ 

T ti T V ^ 6 J: e) ig j-t ^ -r o 



4 3 
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[06] 

2MJe^-t:CD«^-HMMR 1 A, R 1 B feS VNliR 2 A, R2B ^^Ajfdm^^ 

m^MfifM R2 $:?g<^'[4^jiFM©p^g|$}C»A^-rtC, #^^ffiMNMl, NM 
2 tC j: U LT see L ;^«m$:*1-«E:^iaT?fe €.0 

cms] 

[139] 

m 1 0] 
[011] 

f c c«ig<D?S^'f£#:MFM (fee) b c c «ig(D3ti^'[4#:Jf FM (b c 
[012] 

[013] 

mm^i^m f m 1 f m 2 (7)^m«j^ i.t=.mm^m-tn^m 

[014] 
[01 5] 

[016] 
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[017] 
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